Holes are often made inside the column structure for plumbing, mechanical, and electrical installation purposes may affect the structural performance of the column. Therefore, this paper aims to model and analyze the effect of holes in reinforced concrete column structures due to lateral loads. Data were obtained from the reference frame structure of the previous researcher, with varying centric column holes of 0%, 2%, 4%, 6%, 8%, 10%, and 12%, respectively to the column cross-sectional area. Furthermore, a hole with a ratio of 4% to the column cross-sectional area was placed at 5 and 10 mm eccentric to the center of column cross-section to examine the influence of holes position in the perforated column. The frame structure was modelled and analyzed by Finite Element (FE) using ABAQUS software. The result showed that the maximum load, displacement, and crack pattern resulted from the model is close to the experimental result. The results of the analysis showed that with the hole size of 2% to 12% of the column cross-sectional area, the frame strength was reduced by 5.43% to 15.56%. The frame strength was also reduced by 2.77% and 6.14% when the hole placed 5mm and 10 mm eccentric to the center of the column cross-section area. The displacement of the frame also decreases by 59.63% to 74.60% when the holes with the ratio of 2% to 12% to the column cross-sectional area exist in the column. The existence of eccentric holes on the column reduced the performance of the frame structure, by decreasing its strength, displacement and ductility.
INTRODUCTION
The reinforced concrete is a building material with relatively higher stiffness, resistant to fire, and possess lower construction costs. In the reinforced concrete building, pipes are often made conduit or holes are in the beam and column structure for plumbing, mechanical, and electrical installations. In column structure elements, the existence of a hole causes a reduction in cross-sectional area, and this certainly affects its mechanical properties.
The study of the effect of holes on column elements has been previously conducted. The result showed that the greater the hole size, the higher the axial load, flexural and column ductility, with less strength, and stiffness (Hoshikuma & Priestley (2000) , Kim (2012) , Ranzo & Priestley (2000) , Zacoeb (2006) ). Therefore, it is necessary to limit the size of holes in the column to ensure the structure's safety. In contrast, the use of hollow column elements in the building can reduce its total weight, prevent earthquake loads, and produce an economic foundation size (Abhay (2014) , Gaikwad & Kannan (2017) ).
The effect of hollow columns on buildings needs to be assessed adequately because the response of hollow column structures due to earthquake loads may differ significantly. This study, therefore, aims to examine the behaviour of the hollow column frame structure related to its lateral force and the displacement relationship, its stiffness, and its ductility by varying the size and position of the hole in the column. In this study, the frame structure of the experimental results conducted by Mehrabi et al. (1994) was modelled and analyzed by Finite Element (FE) using ABAQUS software.
The stages of the study started by modelling and analyzing the behaviour of reinforced concrete frames and steel reinforcement based on experimental research data conducted by Mehrabi et al. (1994) . This was followed by defining the relationship between the stress and strain to the inelastic conditions of the damaged parameters. The input values of the model calibration result, namely the lateral force and displacement, are used as a reference to this study. The magnitude of the displacement measured is the average displacement at the end of the beam. Furthermore, a study of the behaviour of the frame structure was carried out by varying the size and position of the holes (eccentricity) towards the column center.
FRAME STRUCTURE MODELLING
The size of the frame structure used for modelling is shown in Figure 1 , while the concrete and steel material quality data are presented in Table 1 . The frame is constructed with vertical load (FV) on both columns of 66 kips (294 kN) and monotonic lateral loads (FH) on one end of the beam whose magnitude is gradually increased till it collapses.
The variations in holes size and position in the column are presented in Table 2 and Figure 2 .
The modelling of frame structures is in accordance with geometric data as shown in Figure 1 . The concrete column and beams element were modelled using an element of solid hexahedral which in ABAQUS is defined as a C3D8R element (Continuum 3D, linear 8-node brick, reduced integration). This element is used to reduce iterations during nonlinear analysis. Steel reinforcement is modelled using an element truss in the ABAQUS program defined as a T3D2 element (2-node linear 3-D truss), due to its ability to resist loads in the direction along its axis and produce values equivalent to the results of the analysis using solid elements (Birtel & Mark (2006) , Cohen (2018) , Genikomsou (2015) , Genikomsou & Polak (2016) , Grassl & Jirásek (2006) , Nguyen & Korsunsky (2008) ). The interaction between reinforcement and concrete is assumed to be perfectly attached. Therefore, an embedded region constraint was used to model the interactions between reinforcement and concrete elements to make them work as a single unit. Frame structure modelling is shown in Figure 3 . The behaviour of concrete material and steel reinforcement is defined based on property data through empirical equations. The graph equation of stress and strain of compression concrete as proposed by Hognestad (1951) was used. This equation is often used as a reference in modelling concrete material behaviour with the ABAQUS program. The compressive stress-strain graph was modelled with parabolic relationships, as shown in Figure 4 . The ascending and descending branches were calculated using Equation (1) and (2) as follows: The turning point of the calculated as the product of the constant k, which is equal to 0.9, with compression stress from the concrete cylinder test, ′ ( ′′ = 0.9 ′) where ′′ is the peak stress, and , the strain. This constant is identified as the ratio between the compressions obtained from testing concrete cylinders with the actual strength (Hognestad, 1951) . The graph is divided into three phases. The first phase is the linear-elastic phase when the first crack occurs in the stress range of 0.4 f ′′. The second phase occurred when the maximum stress ′′ reached with strain = 2 ′′/E0. The third phase occured when the stress starts to decrease linearly with an increase in strain till its maximum value is reached , and the magnitude of stress is assumed to be equal to 85%.
(1)
(2) Figure 4 . Compression concrete stress and strain graphs (Hognestad et al. 1955) The concrete stress and strain equation in tension were approximated by the equation proposed by Belarbi & Hsu (1994) . This is seen in Equation (3) and (4), which are defined as functions of uniaxial tensile strain and uniaxial tensile stress. The tensile stress fct increases linearly to the peak value with = = ⁄ , then it decreases till the strain , is obtained, as shown in Figure 5 
Furthermore, it determined the relationship of compression strain stress and tensile in inelastic conditions with the appropriate concrete damage plasticity. CDP is one of the constitutive models used to define the complex behaviour of concrete material during degradation, pressures and pulls (Genikomsou & Polak (2016) , Grassl & Jirásek (2006) , Hafezolghorani et al. (2017) , Labibzadeh et al. (2017) ). CDP parameters in the ABAQUS program consist of damage and plasticity parameters. The principle of damage parameter is explained based on concrete behaviour graphs for loading under inelastic conditions as shown in figure 6 (ABAQUS (2014), Birtel & Mark (2006) , Cohen (2018) , Genikomsou (2015)). Based on figure 6 the magnitude of the concrete strain, which is compressed under destroyed conditions ( ) and when cracked ( ), is calculated using the Equation (5) to (8).
Using a constant factor bc and bt with 0 < bc and bt ≤ 1. The parameter of concrete damage due to compressive stress (dc) and tensile stress (dt) is a function of the compressive plastic strain. The values of dc and dt range from 0 (concrete is undamaged) to 1 (broken/damaged concrete), are calculated using Equation (9) and (10).
The results of the analysis of the relationship between the stress-strain compression, concrete tensile strength and the parameters of damage to the inelastic condition are shown in Figures 7 and  8 .
In addition to the damaged parameter, the plasticity is also important and needs to be defined in the CDP model. Five plasticity parameters need to be inputted on the ABAQUS software, that is the ratio of biaxial/uniaxial compressive strength (boco), flow potential eccentricity (), deviatoric stress invariant ratio (Kc), viscosity parameter (µ), and dilation angle (). Parameters µ and  have a certain value according to the characteristics of the concrete used, and its adjustment or calibration is essential (Birtel and Mark (2006) , Cohen (2018) , Genikomsou (2015) , Genikomsou and Polak (2016) , Hafezolghorani et al. (2017) , Labibzadeh et al. (2017) ). Meanwhile, the other parameters, values were adjusted by ABAQUS. The corresponding plasticity parameter values are shown in Table 3 . The relationship between stress and strain of steel reinforcement used the bilinear model, in which the value post modulus of elasticity (Esy) is taken as 1% of the modulus of elasticity (Es). The example of the relationship between stress and strain of steel reinforcement is shown in Figure 9 . 
RESULTS AND DISCUSSION

Verification Frame benchmark
The FE analysis results of the reinforced concrete frame, in term of lateral load (F) and displacement (D), is close to experimental result with the difference of less than 1% as shown in Table 4 . Furthermore, the load and displacement relationship have the same pattern as shown in Figure 10 . Similarly, the crack that occurs in the frame as a result of the analysis of FE with the ABAQUS program has the same pattern as shown in Figure 11 . Crack due to bending occurs at the column and beam, the crack due to shear occurs at the beam-to-column joint, thereby, causing failure on the frame. The results of this analysis indicate that the input data and the use of the ABAQUS software to model the frame structure are appropriate. The results of load analysis and lateral displacement of the frame with hole columns are shown in Table 5 , Table 6 , and Figure 12 . The results of the analysis showed that the existence and eccentricity of holes in the columns reduced strength and displacement frame. In the hole size of 2% and 4% of the column crosssectional area, the frame strength was reduced by 5.43% and 7.00%. Meanwhile, in the hole size of 6% to 12% of the column cross-sectional area, the frame strength was reduced by 13.55% to 15.56%. Indonesian National Standard concerning Requirements for Structural Concrete for Buildings Instruction (BSN, 2013) in article 6.3.4 limits the size of holes in the column to less than 4% of cross-sectional area, and article 6.3.5 states that a hole size larger than 4% is usable assuming it has been approved by a licensed professional designer. From the results of this analysis, it was found that in the 4%-hole size there was a reduction in frame strength by 7% and in 6% it reduced to 13.55%. This means that when the hole size is greater than 4%, it reduces strength frame by more than 10%.
Based on Figure 12 , there was a significant displacement reduction caused by the frame that becomes more brittle due to the presence of holes in the column. When the hole size is 2%, it causes a reduction in the displacement of 59.63%; meanwhile at a 12% holes size, it causes a reduction in the displacement of 74.60%. The decrease in strength and displacement also occurred when the hole placed eccentric to the column cross-section, as shown in Table 6 and Figure 12 .b. Therefore, in a 10 mm eccentricity, there is a reduction in strength and displacement by 6.14% and 30.99%, respectively.
Ductility and Stiffness
Ductility is defined as the ability of a structure to experience post-elastic deflection. It is also an important parameter in disseminating earthquake resistant structures. Ductility is needed for the structure to absorb the energy produced from inelastic deformations when an earthquake occurs without failure. Its need is inversely proportional to stiffness, where the higher the ductility characteristic of a structure, the smaller the stiffness. The ductility value (µ) is generally determined based on the ratio between the maximum displacement (δu) and the first yield time (δy). While the structural rigidity (K) is defined as the ability of the structure to deform under the influence of the load, with the magnitude of force determined based on the ratio between the maximum load (Pmax) and deflection (δu). The structure's displacement during the first yield (δy) is determined based on the idealized graph of load and displacement, where the ultimate load is not less than 80% of the maximum, Pmax (Meharbi & Shing, 2003) , as shown in Figure 13 .
Based on Figure 13 , the ultimate displacement is determined based on the maximum and lateral load-displacement (δm/ δu) of 80%. Displacement at yield (δy) is obtained by determining the intersection point between the elastic stiffness lines (Ke) to 0.8Pmax. The stiffness and ductility of the structure at the maximum displacement are seen in Table 7 . Based on Table 7 , it can be seen that existence of holes both in centric and eccentric position caused a decrease in ductility of the structure, thereby, making the frame more rigid. 
CONCLUSIONS
As conclusion, frame structure modeling and analysis using ABAQUS software showed that the predicted results of the load-displacement curve and crack patterns that occurred were close to the experimental results. Furthermore, the existence and the eccentricity of holes in the columns led to a decrease in the performance of frame structure, which decreases in strength, displacement, and ductility, thereby, making the frame structure more rigid and brittle. At the 4%-hole ratio which is the maximum size permitted by the Indonesian National Standard on Structural Concrete Requirements for Buildings, there is a reduction in the strength of frame structure by 7%, 61.93% displacement, and ductility of 44.17%, while the stiffness increases by 244%.
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